Thermoelectric materials have attracted particular attention thanks to their unique ability to convert waste heat to electrical energy with outstanding stability. The efficiency of thermoelectrics is evaluated by the "figure of merit" ZT= in which S is the Seebeck coefficient, is electrical conductivity, T is absolute temperature, and and are electrical and lattice thermal conductivities. . However, recent studies have shown temperature and current inhomogeneities throughout the specimen during the sintering process. How these inhomogeneities affect the thermoelectric microstructure has not yet been reviewed systematically [6] , and miniscule microstructure changes such as grain boundary inhomogeneity or second phase generation during the SPS process can affect carrier or phonon transport, therefore changing the performance of thermoelectrics unexpectedly.
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Many researchers have demonstrated thermoelectric performance improvement by reducing the lattice thermal conductivity via addition of point defects [1] , dislocations [2] , grain boundaries [3, 4] and nanoscale precipitates [5] into a common thermoelectric matrix material. Spark Plasma Sintering (SPS) is a pressure assisted, current activated, sintering technique commonly used for many thermoelectric materials. SPS can provide materials with high density, small grain size, and large grain boundary areas [6] . However, recent studies have shown temperature and current inhomogeneities throughout the specimen during the sintering process. How these inhomogeneities affect the thermoelectric microstructure has not yet been reviewed systematically [6] , and miniscule microstructure changes such as grain boundary inhomogeneity or second phase generation during the SPS process can affect carrier or phonon transport, therefore changing the performance of thermoelectrics unexpectedly.
The presentation will cover the microstructure and thermoelectric performance changes of lead chalcogenide thermoelectric materials during the SPS process, with two high performance systems as an example, n-type Sb-doped PbTe alloyed with GeTe (PbTe-GeTe) and p-type Na-doped PbTe alloyed with BaTe and CaTe (PbTe-Ba 0.5 Ca 0.5 Te). The ingot samples were prepared using a solid-state reaction method and then annealed for two days at 573K for PbTe-GeTe and at 873K for PbTe-Ba 0.5 Ca 0.5 Te. The ingots were hand-ground and SPS-ed at 823 K for five minutes at 40 MPa. Both ingot systems appear to have microscale second phases that are deficient in Pb, and each individually rich in Ba, Te (PbTeBa 0.5 Ca 0.5 Te) and Ge, Te (PbTe-GeTe). However, in the SPS-ed samples of both systems, nanoscale precipitates exist and no microscale second phases are observed. We will discuss how different parameters in the SPS process can change the microstructure of thermoelectrics, especially their composition, crystal structure, and grain boundary structures.
SPS can significantly modify the microstructure of thermoelectric materials in previously unforeseen ways. Studying the microstructure changes during the SPS process can reveal pivotal information in assessing structure-property relationships within thermoelectrics. These details can allow the precise tuning of thermoelectric processing to achieve vast performance improvements. This presentation will also cover detailed analyses of the evolution of material's crystal structure, microstructure and thermoelectric properties induced during the SPS process [7] . The inset spectra highlight differences in Ba L peak intensities. The precipitate has higher Ba concentration than the matrix.
